To test the effectiveness of an interactive online intervention to improve gluten free diet adherence in adults with celiac disease.
INTRODUCTION
Celiac disease is a chronic autoimmune disorder involving intolerance for dietary gluten, for which the only available treatment is lifelong adherence to a strict gluten-free diet ( 1 ) . If left untreated, celiac disease has been linked to small, but signifi cant increases in the risks for several serious long-term health complications including intestinal and bowel cancers, osteoporosis, and infertility ( 2 ) . Th e amount of gluten shown to prevent histological recovery has been reported to be as small as 1 mg per day ( 3 ) , meaning that strict adherence in this population is of the utmost importance.
Despite this, a systematic review found that only 70 % (median; range = 36 -90 % ) of participants were classifi ed as having strict adherence ( 4 ) , although the unreliable measurement of adherence that has characterized most studies suggests that true adherence rates are signifi cantly lower ( 5 -7 ) . Indeed, when measured using the only available validated questionnaire: the Celiac Dietary Adherence Test ( 6 ) , only half the participants had adequate adherence ( 8, 9 ) .
Given the seriousness of non-adherence in this population, the development of interventions to improve gluten-free diet adherence is a major goal. To date only three intervention studies in celiac disease have been reported and none of these directly targeted gluten-free diet adherence. Addolorato et al. ( 10 ) reported on a supportive counselling intervention, which targeted depression and anxiety in newly diagnosed / untreated patients with celiac disease and aff ective disorders. At the conclusion of the 6-month study period the intervention group had signifi cantly reduced depression scores and a lower rate of non-adherence compared with the control group. Importantly though, the direct relationship between adherence and depressive symptomatology was not assessed and, therefore, the COLON/SMALL BOWEL Sainsbury et al.
mechanisms via which depression improved were unable to be established.
Meyer et al. ( 11 ) found that an interactive computer program successfully improved knowledge about the gluten-free diet and transference to scenarios requiring dietary management relative to a control group. Th e improvements were, however, diminished when measured only 3 weeks later. Finally, a problem-based learning program was eff ective in improving psychological well-being in women with celiac disease compared with a control group ( 12 ) . Unfortunately, neither of these studies included measures of gluten-free diet adherence, so it is unclear whether the improvements in knowledge or well-being would translate to improvements in actual adherence.
Th e current paper reports on a randomized controlled trial to assess the eff ectiveness of the Bread n ' Butter … Gluten Free of Course! intervention in improving gluten-free diet adherence in a group of adults with biopsy-confi rmed celiac disease. Th e intervention was developed based on previous research, which found that poorer gluten-free diet adherence was related to poorer knowledge, higher levels of psychological symptoms -in particular depression -and greater reliance on maladaptive coping strategies ( 8, 9 ) . It was hypothesized that relative to the waitlist control group, the intervention group would evidence greater improvements in gluten-free diet adherence, gluten-free diet knowledge, quality of life, and psychological symptoms across the course of the intervention.
METHODS

Design
A randomized, waitlist controlled design was used. Aft er completing the baseline assessment, gluten-free diet adherence scores were calculated and participants were classifi ed into the following adherence categories: excellent or very good; moderate; and fair-to-poor (see materials section for further details) ( 6 ) . In order to ensure equivalent numbers of good and poor adherers in each condition, three sets of random numbers (one for each adherence category) were generated using an online random number generator. Consistent with a truly random sequence of numbers, it was not specifi ed that there should be an equivalent proportion of participants in each of the two conditions. Participants were then assigned to the intervention or waitlist control condition within their respective adherence category in the order in which they completed the baseline assessment. Th e intervention was conducted according to the protocol approved by the Human Research Ethics Committee (approved March 2012).
Sample size
A meta-analysis of Internet-delivered health behavior change interventions found that theory-based interventions had medium eff ects on behavior, while the additional use of text messages was associated with large eff ects on behavior ( 13 ) . Th erefore, anticipating a medium-to-large eff ect size, an a-priori power analysis (analysis of variance: fi xed eff ects, main eff ects and interactions; d + = 0.6; 80 % power; α = 0.05), indicated that 90 participants (45 per group) would need to complete the baseline and post measurements to detect a statistically significant diff erence between the two conditions. Allowing for up to 50 % attrition in an Internet intervention ( 14 ) , the desired sample size was 180 people.
Participants and procedure
Participants were recruited from the Celiac Society of New South Wales Australia. Initially, the database was screened to identify members who met the following inclusion criteria: biopsy confi rmed celiac disease, gluten-free diet duration > 3 months, aged > 16 years. Th e decision to include participants with varying levels of adherence at baseline was based on concerns that restricting inclusion to a purely " at risk " sample would lead to the unnecessary exclusion of a large number of participants who could potentially still obtain secondary benefi t from the program, therefore, limiting the statistical power of the study. Further, evidence suggests that the majority of nonadherence to the gluten-free diet is inadvertent and unintentional ( 4, 8, 9 ) , and that despite poor correlations with objective measures ( 4 -7 ), the majority of people with celiac disease report having good adherence ( 4 ) . Consequently, the inclusion of a varied sample served to enable recruitment of individuals with objectively inadequate adherence who would probably not otherwise volunteer.
Anticipating a 10 % response rate, an invitation email, which included an introduction to the study and a link to the website to complete the baseline questionnaires, was sent to a randomly selected sample of 1,500 (of ~ 4,500) members who met the inclusion criteria. Similarly, for the previously outlined reasons the study was advertized as a program designed to help participants better cope with the challenges of the gluten-free diet rather than explicitly mentioning adherence.
Th e assessment questionnaires, and all intervention modules were administered online using LimeSurvey. Aft er providing consent, participants completed the baseline questionnaires, which took approximately 20 min. Four days later participants randomized to the intervention condition received an email with a link to the study website to complete module 1. Participants randomized to the waitlist control condition received an email informing them that they would be contacted again in 8 weeks to complete the post-survey and would be given access to the intervention materials at that time. Th ere were no restrictions placed on the control group regarding their contact with health professionals during the waitlist period.
Progression through the six modules was managed using automated emails and text messages. Participants had to complete module 1 (the educational component) to continue with the intervention; however, it was then possible to skip a module and remain active in the intervention. To maximize the post-intervention response rate all intervention group participants were sent the post-survey aft er a specifi ed period of time, even if they had previously discontinued responding to the intervention modules. Owing to the automated nature of the module administration COLON/SMALL BOWEL Online Intervention to Improve Gluten-Free Diet Adherence reasons for nonresponses to modules were not obtained. Th reemonth follow-up survey emails were automatically sent to intervention group participants who completed the program following a 3-month delay. Supplementary Table 1 outlines the structure of the automated emails and text messages.
The intervention
Development of the intervention occurred over several months in consultation with a group of relevant experts including health psychology researchers, health and clinical psychologists, a specialist celiac disease dietitian, and several individuals with celiac disease. Module content was informed by previous theory-driven qualitative and quantitative research, which examined the socialcognitive and psychological predictors of inadequate glutenfree diet adherence ( 8, 9 ) . Decisions regarding the online mode of delivery and adjuncts to the online modules (text messages) were informed by previous successful Internet-based cognitive behavior therapy programs ( 15, 16 ) and a meta-analysis of Internet-delivered health interventions ( 13 ) . Th e fi nal version of the intervention consisted of six weekly online modules, each of which took ~ 30 min to complete. It included a combination of (a) education, (b) validated behavior change techniques shown to be eff ective in modifying health behaviors within the health psychology literature ( 17, 18 ) , and (c) evidence-based strategies drawn from cognitive behavior therapy to treat anxiety and depression and improve coping behavior ( 19 ) . Participants completed questions pertaining to the acceptability of the program at the conclusion of each module and in each case the mean scores indicated that the program was well received. Table 1 provides a summary of the content of each module.
Measures
At baseline (April 2010), participants completed measures of demographic (age; gender; occupational and marital status; and highest level of education) and celiac disease information (e.g., age at diagnosis; duration of gluten-free diet; reason for diagnosis -symptomatic or screen-detected; symptoms; family history; and additional allergies / intolerances). Th e following questionnaire battery was completed at three time points: baseline, post-intervention (July -August 2012), and 3-month follow-up (October -November 2012; intervention group only). Gluten-free diet adherence was measured using the Celiac Dietary Adherence Test (Leffl er et al. ( 5 ) , 2009). Scores range from 7 -35, with higher scores representing poorer adherence. In addition to being used as a continuous measure, scores were grouped into the following categories: excellent or very good (7 -12), moderate (13 -17) , and fair-to-poor (18 -35) ( 6 ) . Th e World Health Organization Quality of Life Assessment BREF ( 20 ) was used to measure overall quality of life, and physical and psychological quality of life. Psychological symptoms were assessed using the Depression, Anxiety, Stress Scale ( 21 ) and the Eating Disorders Inventory-3 Eating Disorder Risk Scale ( 22 ) . Knowledge was assessed using 14 ingredient lists adapted from educational materials used by the Celiac Society.
Statistical analysis
All analyses were conducted using SPSS 18.0 (SPSS Inc., 2009, Chicago, IL) on an intention-to treat basis, although the perprotocol analysis yielded an identical pattern of results (not shown). Multivariate analyses of variance and χ 2 -analyses were used to assess for diff erences on the baseline continuous and categorical variables, respectively, between the intervention and waitlist control groups, and between participants who completed the intervention and those who did not. A series of 2 × 2 repeated measures analyses of variance and paired samples t -tests were conducted to assess for diff erences across the course of the intervention (baseline versus post) between the intervention and waitlist control conditions. Th e primary outcome of interest was gluten-free diet adherence. To provide an indication of the clinical signifi cance of the improvement, the analysis concerning Defi nition of coeliac disease, gluten, and the gluten-free diet; advantages of following a gluten-free diet; label reading rules and exceptions; avoiding cross contamination.
2: Managing the challenges of the gluten-free diet Internal and external barriers to maintaining a gluten-free diet; structured problem solving to manage the external barriers to adherence.
3: Communication around the gluten-free diet The communication dilemma (not wanting to draw attention to self and diet vs. needing to communicate in order to receive a safe meal); styles of communication; typical gluten-free diet situations where assertiveness may be needed; initial enquiries; unhelpful follow-up responses; steps to assertiveness; communicating about the exceptions to the rules; being assertive with friends and family.
4: Thinking about the gluten-free diet The relationship between thoughts, feelings, and behaviour; reactions to the coeliac disease diagnosis; managing thoughts using cognitive restructuring / reframing; generating alternate thoughts for use in future situations.
5: Balancing life with your gluten-free diet The effects of narrowed focus; achieving balance with the gluten-free diet; pleasant activity scheduling; SMART goal setting (specifi c, measurable, achievable, relevant, time-limited).
6: Bringing it all together Summary of skills from the previous six modules: label reading / avoiding contamination; problem solving; assertiveness / communication skills; reframing thoughts; achieving balance and goal setting. adherence was repeated on only the subsample of participants showing inadequate adherence at baseline and for whom postdata was available ( N = 55). In addition, a χ 2 -analysis was conducted to assess for diff erences between the two conditions in adherence category changes. Secondary outcomes were glutenfree diet knowledge, overall, physical, and psychological quality of life, and psychological symptoms. Eff ect sizes (Cohen '
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Regression analyses were conducted to determine whether the observed changes from baseline to post-intervention mediated the eff ect of the intervention on gluten-free diet adherence. Paired samples t -tests were used to assess whether the improvements observed at immediate post-intervention had been maintained at 3-month follow-up.
RESULTS
Response rate and sample characteristics
Two-hundred and ten people accessed the website and 189 of them completed the baseline survey. Eighty-eight participants were randomized to the waitlist control condition, while 101 were randomized to the intervention condition. Th e majority of participants were female (87.3 % ; mean age = 46.5, s.d. = 14.7) and either married or living with a partner (81 % ), while the remainder was single or divorced. Overall the sample was well educated, with 77 % having completed education beyond year 12. Th e majority of participants were engaged in full time or part time / casual work (69 % ), with a small proportion unemployed, retired, or students. Participants had been on a gluten-free diet for an average of 4.6 years ( s.d. = 7.0; range = 3 months -50 years).
Th e mean baseline adherence score (12.2, s.d. = 3.4) fell in the excellent or very good range, although only 58.9 % of the sample fell in this category (moderate: 33.2 % ; fair to poor: 7.9 % ) ( 6 ). Overall quality of life scores were equivalent to Australian population norms, while scores on the physical and psychological quality of life domains fell approximately half a s.d. below Australian population norms ( 20 ) . Th e mean scores on the psychological symptom measures fell in the average or normal ranges ( 22, 23 ) . Th e mean percent correct on the knowledge test was 80.5 % . Baseline characteristics of the sample have been described in detail elsewhere ( 24 ) .
Baseline differences between groups
Th e two groups did not diff er at baseline on any of the demographic, adherence, quality of life, or psychological variables (all P > 0.05). Th ere were a higher proportion of participants diagnosed as a result of screening (as opposed to symptoms) in the waitlist control group than the intervention group ( P = 0.02). Th ere were no diff erences between symptom-detected and screen-detected participants on the change scores for any of the primary or secondary outcome measures (all P > 0.05) and so this variable was not controlled for in subsequent analyses.
Intervention completion statistics
An adequate dose of the intervention was defi ned as completion of four or more modules because such participants had completed 4 / 5 modules containing new content, as module six was a summary module. Of the 101 intervention participants, 50 (49.5 % ) completed the intervention; 31 (30.7 % ) were lost to follow-up; and 20 (19.8 % ) completed the post-survey but had previously stopped responding to the intervention modules (completed only 1 -3 modules). Post data was obtained from 64 / 88 waitlist control participants (loss to follow-up = 27.3 % ). Th e online nature of data collection prevented any missing values, as it was not possible to submit incomplete responses. Consequently, the intention-totreat analysis contained data carried forward from baseline for the 31 participants from the intervention group and 24 participants from the waitlist control group who did not complete the post survey. Th ree-month follow up data was obtained for 46 / 50 of the intervention group participants who completed the intervention. Th is represented a loss to follow-up of 8 % from immediate postintervention. Supplementary Figure 1 provides a summary of intervention progress and completion.
Tests of representativeness
Th e results indicated that there were no diff erences between completers and non-completers on any of the baseline continuous or categorical variables (all P > 0.05).
Primary outcome: gluten-free diet adherence
Th ere was a signifi cant improvement over time in adherence for both conditions ( F 1,187 = 8.89, P = 0.002); however, the time × condition interaction eff ect was also signifi cant ( F 1,187 = 5.67, P = 0.014). Paired samples t -tests indicated that the intervention group had improved adherence scores from baseline to post ( t 100 = 3.83, P < 0.001), while the waitlist group ' s scores remained unchanged ( t 87 = 0.42, P = 0.674). For the total intention-totreat sample ( N = 189; intervention: n = 101; waitlist: n = 88) this represented a small-to-medium eff ect size (Cohen ' s d = 0.35; see Figure 1a ). Based on only the subsample of participants who had inadequate adherence at baseline and for whom post-data was available ( N = 55; intervention: n = 26; waitlist: n = 29), the improvement yielded a medium-to-large eff ect size (Cohen ' s d = 0.69; interaction eff ect: F 1,53 = 6.49, P = 0.014; see Figure 1b ).
Clinical signifi cance
Forty-three percent of the waitlist control group had inadequate adherence at baseline (moderate or fair-to-poor). Of the 29 / 38 of these for whom post-measurements were available, 55.2 % were still classifi ed as having inadequate adherence; 37.9 % had improved their adherence category ( n = 9 moved from moderate to excellent / very good; n = 2 from fair-to-poor to moderate); and 6.9 % had a negative change to their adherence category (moved from moderate to fair-to-poor). Th irty-nine percent of the intervention group had inadequate adherence at baseline. Of the 26 / 39 participants for whom post-data was available, 65.4 % had improved their adherence category ( n = 14 moved from moderate to excellent / very good; n = 3 moved from fair-to-poor to
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Signifi cant positive time eff ects were observed for physical quality of life ( F 1,187 = 4.43, P = 0.037), and psychological quality of life ( F 1,187 = 28.95, P < 0.001). Th ere were no signifi cant time eff ects or time × condition interaction eff ects observed on measures of depression, anxiety, stress, eating disorder risk or overall quality of life (all P > 0.05).
Mediation analyses
Regression analyses were conducted to investigate the extent to which change in adherence was mediated by change in secondary outcomes ( 25 ) . Condition (intervention versus waitlist control) predicted 8.9 % of the variance in the change in knowledge ( β = 0.298, F 1,187 = 18.16, P < 0.001). Knowledge change did not, however, account for signifi cant variance in adherence change ( β = 0.087, F 1,187 = 1.43, P = 0.234). A formal mediation analysis was, therefore, not conducted, as the assumptions for mediation were not met.
Three-month follow-up
Th e diff erence in gluten-free diet adherence from baseline to three-month follow-up was signifi cant ( t 46 = 3.63, P = 0.001), while there was no diff erence between immediate post-intervention and 3-month follow-up scores ( t 46 = 0.53, P = 0.600; see Figure 2 ). Simi larly, the diff erence in knowledge from baseline to 3-month follow-up was signifi cant ( t 46 = 4.39, P < 0.001), while there were no diff erences between immediate post-intervention and 3-month follow-up ( t 46 = 0.550, P > 0.05).
DISCUSSION
Bread n ' Butter … Gluten Free of Course! is the fi rst intervention specifi cally designed to improve gluten-free diet adherence in celiac disease. Th e program resulted in signifi cant improvements in gluten-free diet adherence immediately aft er the intervention relative to the waitlist control group. Th is diff erence was clinically, as well as statistically meaningful, with the mean score for the participants who had inadequate baseline adherence falling in the excellent or very good range and a greater proportion of intervention participants evidencing a positive change in adherence category at the conclusion of the program. Further, among participants who completed the program this improvement was maintained at 3-month follow-up. Given the signifi cant consequences of even slight lapses in adherence within this population the fi ndings suggest that the Bread n ' Butter … Gluten Free of Course! program is a promising avenue for assisting individuals who are struggling to maintain adherence.
Th e program also resulted in improvements in gluten-free diet knowledge. Th e fi ndings for improvements in knowledge here are consistent with a previous intervention, which showed that knowledge could be successfully improved through a targeted online intervention ( 11 ) . Th e lack of a signifi cant relationship between the change in knowledge and change in gluten-free diet adherence, however, suggests that improvements in knowledge are not suffi cient to produce improvements in adherence. Th e lack of predictive power of knowledge in changing behavior moderate), while 34.6 % remained in the inadequate category at post-measurement. A χ 2 -analysis indicated the diff erence between conditions was signifi cant ( χ 2 1 = 4.13, P = 0.042).
Secondary outcomes
Signifi cant time ( F 1,187 = 6.45, P = 0.012) and time × condition interaction eff ects were also observed for gluten-free diet knowledge ( has been consistently noted within the wider health psychology literature ( 26, 27 ) ; however, this is the fi rst study to confi rm the knowledge-behavior gap specifi cally within celiac disease and gluten-free diet adherence. In contrast to the knowledge training program reported by Meyer et al., ( 11 ) improvements in knowledge resulting from the current program were maintained at 3-month follow-up.
All participants improved on measures of physical and psychological quality of life and this was not differentially affected by intervention participation. A mere measurement effect ( 28 ) may have contributed to the lack of a significant time by condition interaction effect; that is, completing measures of quality of life in the context of a study to improve adherence, coping, and quality of life may have increased the salience of any difficulties, which in turn may have led to changes in the efforts to manage the gluten-free diet, with positive flow-on effects to quality of life. Indeed it has been suggested that specifically in the context of Internet-based interventions participants may actively seek out additional e-support following questionnaire completion while remaining on the waitlist ( 29 ) . No information regarding contact with health professionals or information / support seeking during the trial period was collected and so this possibility cannot be ruled out. Alternatively, for the waitlist control group, knowing that they would be given access to the intervention following a delay may also have been enough to lead to improvements in well-being. Without knowledge of the participant ' s life circumstances it is not possible to fully explain this finding.
Despite including cognitive behavior therapy strategies, the program did not result in signifi cant improvements in psychological symptoms, although this may be refl ective of the relatively low levels of psychological symptoms at baseline, with all the mean scores falling in the average or normal ranges. Alternatively, the psychological symptom measures may not have been sensitive enough to detect subtle changes in disease-specifi c distress that may have resulted from intervention participation.
Th is study had some limitations. Firstly, the use of a waitlist control group meant that 3-month follow-up data could only be obtained for the intervention group. It is, therefore, unclear whether the diff erences between groups would have remained signifi cant. Given that the paired samples t -test indicated that the waitlist group did not change from baseline to the post-survey on adherence or knowledge this, however, seems unlikely. Secondly, individuals with varying levels of adherence were recruited to the intervention and as such approximately half the participants were already exhibiting excellent or very good adherence before participation. When the analyses were conducted on the reduced sample of participants with inadequate adherence, however, the eff ect size was actually increased suggesting that there was still adequate power to detect a signifi cant and meaningful eff ect. Th ere was a high level attrition from the intervention, which may have resulted in an overestimation of the eff ectiveness of the program. Th at is, only ~ 50 % of the intervention group completed the program. Th is fi gure is, however, consistent with previous attrition research in internet-based interventions, which has suggested that researchers anticipate an overall 50 % attrition rate with the majority of the drop out occurring in the fi rst month ( 14 ) . Th ere were no diff erences in baseline characteristics between completers and non-completers, suggesting that selective attrition did not directly infl uence the intervention outcome. It is possible that other factors such as the perceived acceptability of the program may have resulted in diff erential attrition, which may, in turn, have aff ected the trial outcome. Consistent with the pattern of early drop-out following the educational module, qualitative feedback at each stage of the program indicated a perception that the intervention would be of most benefi t to people newly diagnosed with celiac disease. Despite signifi cant drop out, the intention-to-treat analyses, which are generally thought to underestimate treatment eff ects ( 30 ) , suggests that the program is likely to eff ectively improve adherence in people with celiac disease.
Th is study showed that access to the Bread n ' Butter … Gluten Free of Course! program conferred signifi cant benefi ts across the sample. Th ese benefi ts were particularly pronounced for individuals who had compromised adherence at baseline. When combined with the online and automated design, the program represents an inexpensive and evidence-based resource to supplement the services provided by Celiac Societies, which is likely to improve adherence in those who have been unable to achieve or maintain good adherence. Given the potential negative health eff ects of even minor breaches to adherence in celiac disease, the Bread n ' Butter … Gluten Free of Course! program is an important and muchneeded resource for this population. Dashed line (inadequate only) refers to analyses conducted on the subsample of intervention participants who had inadequate adherence at baseline and completed the intervention and 3-month follow-up survey ( n = 18); baseline vs. follow-up: t 18 = 4.50, P < 0.001; post vs. follow-up: t 18 = 0.70, P = 0.497; GFD adherence scores range = 7 -35; higher scores indicate poorer adherence; inadequate adherence defi ned as a score of 13 or higher; * * * P < 0.001. GFD, gluten-free diet.
